Significant research has recently been dedicated to reducing the interaction between acoustic waves and given objects. The coordinate transformation theory provides an elegant approach to the design of coatings capable of reaching this goal. First demonstrated for electromagnetic waves [1] , this method has later been adapted to acoustic waves [2] [3] [4] [5] . Its appeal stems from its generality: it can be applied to obtain coatings capable to conceal objects of arbitrary shapes and sizes. Moreover, its efficacy depends only on our ability to create materials having the right acoustic properties. However, these properties are quite restrictive. They include inhomogeneity, i.e. material parameters that vary continuously with position, and a high degree of anisotropy. In practice, one would relax these constraints but reduce the performance of the design. For example, in many instances an inhomogeneous material can be approximated by thin layers of homogeneous media. However, a large number of such layers are usually required to obtain acceptable results [6] .
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It is important to divise acoustic artificial materials (metamaterials) with very simple geometries but still capable to achieve the material parameters required by cloaking shells. We present such simple designs and verify their performance by designing an acoustic lens having the type of material parameter profiles seen in cloaking coatings, and capable to change the direction of a pressure beam incident on it. For simplicity we present our analysis in a two dimensional (2-D) space, however the procedure can be easily extended to a 3-D space.
We start by designing the metamaterials that compose our lens. Figure 1 shows the schematic of a bulk metamaterial. It is composed of arrays of unit cells that contain one or more inclubackground fluid inclusion(s) Figure 1 . METAMATERIAL COMPOSED OF PERIODIC ARRANGE-
MENTS OF SUBWAVELENGTH UNIT CELLS
sions made of materials such as metal or plastic. Unlike other metamaterials reported in literature [7] , ours is non-resnant and therefore broadband. It is known that these media can be approximated as homogeneous and characterized by effective bulk moduli, B, and densities,ρ, provided that the unit cells used to generate them are much smaller that the wavelength at the working frequency. These effective material parameters can be determined acoustically using a method employed extensibly in electromagnetics [8] and adapted to acoustics [9] . The geometry of the inclusions composing the cells determine the amount of anisotropy the metamaterial posseses, and allows the design of artificial media with the large range of effective material param- We validate our method by designing a thin slab of metamaterial two wavelengths long, capable of changing the direction of a pressure wave incident on it. The ideal material parameters in such a lens are very similar to those in cloaking shells: they are inhomogeneous in the transverse direction and vary strongly with position [see the solid curves in Figure 2(a) ]. The behavior of the ideal device made of continuous materials is presented in Figure  2 (b): a gaussian pressure beam in air normally incident on the lens is deflected by 20 degrees as it passes through it. In order to obtain a physically realizable lens, we discretized the continuous profiles in 20 layers and implemented each layer using composites made of unit cells presented in Figure 3 the presence of its metamaterial implementation validates our approach to realizing metamaterial devices. We would like to point out that optimization techniques borrowed from electromagnetics [10] can be used to reduce the complexity of a cloaking shell to that of the acoustic lens described above.
